Summary. Sporotrichosis is endemic in three regions (east, north and south) in India. The colony morphology and physiological characteristics of 49 clinical isolates from these three regions (25 from north India, 17 from east India and seven from south India) were analysed in both mycelial and yeast forms. No difference in colony character was seen among the 49 isolates on three different media. Growth of all isolates was inhibited at 40°C. The yeast forms were found to be more tolerant to osmotic pressure and salt concentrations. Most mycelial forms grew well between pH 3-12.0 whereas most yeast forms could tolerate a pH range of 2.4 to 9.5. Variations in assimilation of arabinose, dextrin, raffinose, rhamnose and starch was observed among strains from different geographical regions. The yeast forms did not show any urease activity but the mycelial forms of all isolates could split urea. Phenol oxidase and potassium nitrate assimilation were positive and gelatinase activity and casein hydrolysis were negative for all isolates. 
Introduction
Sporothrix schenckii, a dimorphic fungus, is the causative agent of sporotrichosis, a chronic infection of the skin and subcutaneous tissues. The disease is cosmopolitan in distribution and is more commonly found in temperate, warm and tropical areas. Higher prevalence has been reported from Mexico [1] , Uruguay [2, 3] , Brazil [4] , USA [5] and Japan [6, 7] . In India, earlier cases of sporotrichosis were reported only from eastern India (states of West Bengal and Assam) [8] [9] [10] [11] . Recently, a large number of cases have been reported from north India, especially from the state of Himachal Pradesh, confirming this areas as an additional endemic focus of the disease [12] [13] [14] [15] . A few cases have also been recognized in south India [16, 17] .
Despite being a widely distributed mycotic disease, this organism has been poorly studied with regard to its morphological and physiological characters. Few studies on optimal temperature and nutritional requirements for growth are available for environmental and clinical isolates [18] [19] [20] .
In the present study we analysed and compared in detail the physiological characters of 49 clinical isolates from three regions of India.
Materials and methods

Sporothrix schenckii strains
A total of 49 clinical isolates of S. schenckii isolated at three different centres of the three regions of India were included in this study. One clinical isolate from the USA was included as an unrelated strain (CDC, B-5592).
Seventeen of 49 isolates were from eastern India, seven were from south India and the other 25 were from north India. All strains were maintained by subculture on potato glucose agar (PDA) medium with cycloheximide at 25°C. To convert it into the yeast form, the fresh mycelial cultures (48-to 72-hold) were inoculated on brain heart infusion agar (BHIA) with 5% defibrinated sheep blood and incubated at 37°C for 7 days. The process was repeated until complete conversion to yeast form was achieved. Yeast forms were subsequently maintained by subculture on BHIA.
Physiological characters of S. schenckii isolates Colony morphology. The colony morphology of these isolates were compared after growth on modified Sabouraud glucose agar (MSDA), potato glucose agar (PDA) and corn meal agar (CMA). Two sets of each isolate were incubated at 25 and 30°C each and observed after 7, 14, 30 and 60 days of incubation.
Growth at various temperatures. All isolates were inoculated on MSDA and cystine heart haemoglobin agar (CHHA) slants and incubated at 30, 37, 38, 39 and 40°C. Macroscopic growth was observed after 21 days of incubation.
Osmophilia. Small loopfuls of mycelia and yeast forms of the isolates were inoculated on media containing 10, 20, 30 and 40% glycerol. PDA plates grown at 25°C were used for the mycelia and BHIA plates grown at 37°C for the yeast forms. After incubation for 30 days the growth was scored as present or absent.
Halophilia. Mycelia and yeast forms were inoculated on media containing increasing concentrations of sodium chloride (1-14%) and incubated at 25 and 37°C, respectively, for 30 days. PDA plates were used for mycelia and BHIA plates for yeast forms. Growth was scored as present or absent. Carbohydrate assimilation. Assimilation of 20 sugars (i.e. adonitol, arabinose, cellobiose, dextrin, dulcitol, fructose, galactose, glucose, glycerol, inositol, lactose, maltose, mannose, raffinose, rhamnose, sorbitol, starch, sucrose, trehalose and xylose) was only tested for the yeast forms of the isolates. The auxanographic method [21] was used and plates were read after 2-3 days of incubation at 37°C.
Urease activity. Small quantities of mycelial and yeast colonies were inoculated onto Christenson urease agar and incubated at 37°C for 96 h. A clinical isolate of Cryptococcus neoformans var neoformans was tested simultaneously as a positive control. Urease production was noted by the development of a pink-red colour.
Phenol oxidase activity. Both mycelial and yeast forms were inoculated on Bird seed agar (BSA) media and incubated at 37°C for 4 days. A clinical isolate of Cryptococcus noformans var neoformans was tested simultaneously as a positive control. The development of black colonies was considered positive. KNO 3 assimilation. Small amounts of mycelial and yeast forms of the isolates were culture on plates of yeast carbon base with 2% agar and 0.78% KNO 3 and incubated at 25 and 37°C, respectively, for 30 days. Growth was scored as present or absent.
Casein hydrolysis. Pinhole amounts of mycelial forms were inoculated at 25°C for 30 days on skimmed milk (50 g l , Difco, Detroit, MI, USA) with 2% agar. Yeast forms were also cultured in the same media at 37°C for 30 days to check the hydrolysis of casein.
Gelatinase production. Mycelial form of all those isolates were inoculated in tubes of Czapek-dox (Difco) solution with 12% gelatin (Difco) and incubated at 25°C for 60 days. At the end of the 60 days the inoculated media was refrigerated at 4°C for 1 h to check gelatin hydrolysis.
Results
Comparison of colony morphology
No variation in colony character was found among the 49 isolates when tested on three media, CMA SDA and PDA and at the two temperatures of incubation, 25 and 30°C. The size of the colonies increased steadily up to 30 days of incubation reaching 20-33 mm on CMA, 30-47 mm on SDA and 28-51 mm on PDA at 25°C. Further progress was slow and colony sizes of 21-35 mm on CMA, 32-51 mm on SDA and 29-55 mm on PDA were reached after 60 days of incubation at 25°C. Among the three media conidiation increased most on CMA and both colony size and conidiation were greater at 30°C than at 25°C.
Growth at various temperature
Growth of all the isolates were inhibited at 40°C and good growth was seen between 30 and 37°C in both MSDA and CHHA media.
Osmophilia. The yeast form of the isolates were found to be more tolerant to osmotic pressure than mycelial forms. The yeast forms grew within 3 days on media containing up to 20% glycerol. Ten of the isolates were also tolerant to 30% glycerol. The mycelial forms were slower to grow on 10 and 20% glycerol containing medium and none grew on 30% glycerol (Table 1) .
Halophilia. In yeast form, all isolates were tolerant to 9% salt concentration and 90 and 24% of those isolates were tolerant to 10 and 11% salt concentration, respectively. Mycelial forms on the other hand were intolerant to salt concentration above 7% (Table 2 ).
pH tolerance. Mycelial forms of these isolates failed to grow at pH < 3 but grew at pH 11.5 and 22% of the strains also grew at pH 12.5. Yeast forms had a better tolerance at lower pH and grew at pH 2.4 and 29% of these strains also grew at pH 2.0. However, only 33% of the strains in yeast form grew at pH 11.5 (Table 3) . 
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East India Carbohydrate assimilation. All the strains assimilated adonitol, cellobiose, fructose, galactose, glucose, glycerol, maltose, mannose, sorbitol, sucrose, trehalose and xylose whereas none could assimilate inositol, lactose and dulcitol. Variable results were seen among the strains from the different geographical areas regarding the rest of the sugars. The isolates from north India uniformly failed to assimilate rhamnose whereas isolates from eastern India failed to assimilate starch. The results for these two sugars were variable in the rest of the isolates. All isolates from south India assimilated raffinose and dextrin (Table 4) .
Other physiological characters. The yeast forms did not show any urease activity but the mycelial forms of all the isolates could split urea following 96 h of incubation. The phenol oxidase test was positive for all the isolates. Both yeast and mycelial forms of all isolates could assimilate KNO 3 . None of the isolates hydrolysed casein and all of the isolates in mycelial form were negative for gelatinase activity.
Discussion
This study provided detailed data on the physiological characters of clinical S. schenckii strains isolated from three regions of India for the first time.
There was no variation in the colony character of the 49 clinical isolates tested. The colony size increased steadily up to 30 days of incubation and slowed thereafter. Conidiation developed quickly on CMA in comparison with SDA and PDA. In earlier studies no difference was observed in colony morphology between clinical and environmental isolates [18] [19] [20] .
The strains in the present study, grew well in the temperature range 30-37°C, but failed to grow at a temperature of 40°C. In an earlier study it was reported that the environmental strains grew better at a temperature range of 30-35°C and the clinical isolates could grow at 37°C [18, 19] .
Conidiation was better observed on CMA as compared to SDA and PDA. Earlier studies with environmental or clinical isolates found no significant difference in the colony characters [18] [19] [20] as all the isolates grew well between the temperatures of 30 and 37°C but failed to grow at a temperature of 40°C. In an earlier study it was reported that environmental isolates grew better at 30°C and even at 35°C, however, the clinical isolates grew at 37°C [18, 19] .
Only two studies have reported a few physiological characteristics of S. schenckii. Howard and Orr reported a thiamine requirement for the growth of S. schenckii [18] . In a more extensive study, Sigler et al. showed that yeast forms of S. schenckii hydrolysed urea after 96 h of incubation [19] . We found a similar result with all those isolates of S. schenckii. In a similar study, with isolates of Paracoccidiodes brasiliensis, Sano et al. found that mycelial forms rather than yeast forms could split urea [22] . In the present study, 91.8% of the isolates could tolerate a maximum of 7% salt concentration in their mycelial form whereas 24% of yeast forms tolerated a salt concentration of up to 11%. In a previous study with S. schenckii isolates, Sigler et al. reported a maximum of 7% salt tolerance in the mycelial forms [19] . In the present study, the optimum growth of mycelial form was seen at the pH range of 3.0-11.5 although some strains could tolerate a pH of up to 12.5. The yeast forms on the other hand grew well at a pH range of 3.0-8.5, but some of the isolates could grow even at pH 2.0. In terms of osmotolerance, yeast forms were more osmotolerant (up to 30% glycerol) in comparison with mycelial forms (up to 20%). There is no study available to compare the pH and osmotolerance of S. schenckii strains. However, in the report of Sano et al. a majority of P. brasiliensis strains grew well between pH 5.6 and 9.4 and but had variable osmotolerance [22] .
Variable results of carbohydrate assimilation pattern were seen for five of the 20 sugars tested among isolates from different geographical areas. All isolates from south India failed to assimilate rhamnose but could assimilate raffinose and dextrin. Assimilation of arabinose and starch was also variable. There is no other study available to compare with our results.
Thus, this is the first study to systematically characterize S. schenckii isolates morphologically and physiologically. However, further characterization using a greater number of isolates from other geographical regions needs to be carried out.
In our study, all isolates of S. schenckii showed a positive phenoloxidase test after 15 days of incubation and could also utilize nitrogen from KNO 3 . None of the isolates were able to hydrolyse casein or split gelatin. These physiological parameters have not been previously evaluated for S. schenckii. In the report of Sano et al. P. brasiliensis isolates were found to assimilate KNO 3 but gave variable results in casein hydrolysis and gelatinase activity [22] .
The results of this study have importance in the epidemiological and environmental studies of this fungus by strain typing and selective isolation of S. schenckii, respectively. These results may also be utilized for selective isolation of the organism from the environment and may have some implication regarding ecological studies of the fungus.
